Despite a strong commitment to poliomyelitis eradication, Pakistan continues to experience widespread poliovirus circulation. In 1997, Pakistan reported 1147 poliomyelitis cases, accounting for 22% of all poliomyelitis cases reported worldwide and 91% of the total cases reported by the World Health Organization's 23-country Eastern Mediterranean Region [1, 2] . Wild poliovirus type 1 was identified in 86 (72%) of the 120 districts and poliovirus type 3 in 17 (71%) of 24 divisions in Pakistan (figure 1). In addition to widespread endemic poliomyelitis, Pakistan experienced 4 outbreaks of у30 cases each in 1997. During 1998, Pakistan reported у300 confirmed polio cases and continued to experience widespread poliovirus circulation in all 4 large provinces. The high poliomyelitis disease burden, along with genomic sequence studies demonstrating poliovirus exportation from the Indo-Pakistan subcontinent to у13 other countries over the last 10 years (CDC, unpublished data), make Pakistan a high-priority country in the effort to globally eradicate poliomyelitis by the year 2000 [3, 4] .
Pakistan's current immunization strategies against poliomyelitis include routine administration of oral poliovirus vaccine (OPV) at birth and at ages 6, 10, and 14 weeks and on annual national immunization days (NIDs) during which 2 doses of OPV are administered at 4-to 6-week intervals for all children !5 years of age. The routine immunization program was established in 1979, and NIDs began in 1994 (figure 2). NIDs have had a major impact on decreasing the number of confirmed poliomyelitis cases; however, the number of reported cases remains high.
To learn why Pakistan continues to experience widespread poliovirus transmission and high numbers of poliomyelitis cases, children with paralytic poliomyelitis were studied to determine whether they were reached by immunization strategies, to estimate the effectiveness of OPV in preventing paralytic disease, and to describe reasons for failure to receive routine or NID vaccinations.
Methods
A matched case-control study was conducted to evaluate confirmed poliomyelitis cases from 7 districts in Pakistan. Study children were matched by age and neighborhood because estimation of OPV effectiveness requires study children to have similar chances of becoming exposed to poliovirus. Both age (behavioral risk of exposure) and neighborhood (environmental risk of exposure) are related to the likelihood of poliovirus exposure. Cases included all children reported from selected districts with acute paralytic disease associated with poliovirus type 1 isolation between December 1996 and September 1997. Two age-and neighborhood-matched controls were selected for each case. Controls were within 6 months of the case's age and were selected from the household located nearest the case; successive households nearest the previous household were visited until 2 controls meeting the selection criteria were found. Seven districts in 3 of Pakistan's 4 provinces were selected as study sites, including 6 districts with the highest incidences of poliomyelitis in Punjab and Sindh provinces and 1 district in the North West Frontier Province (NWFP), which reported an epidemic of poliomyelitis in 1997.
Mothers of cases and controls were interviewed by use of a standard questionnaire and asked questions regarding polio vaccination status (routine and NIDs), walking distance to immunization posts, how they were informed about the NIDs held in 1996-1997, and reasons for failure to receive immunizations (asked as an open-ended question). If mothers were not available, interviews were conducted with the father or closest relative. Cases were examined for residual paralysis.
The number of routine OPV doses was obtained from immunization cards; if there was no card, the number of doses reported by the parent was recorded. The number of OPV doses received during NIDs was based on parent's recall only. Children were considered as fully vaccinated through the routine immunization program if they received у3 OPV doses through the routine program and fully immunized during NIDs if they received both OPV doses administered during the December 1996 and January 1997 NID campaigns.
Matched analysis. Vaccination status and risk factors for poliomyelitis were compared among cases and controls by matched analysis using conditional logistic-regression modeling. Vaccine effectiveness was estimated by using the following formula: VE = , where VE is vaccine effectiveness expressed as (1 Ϫ MOR) ϫ 100 a percentage and exposure categories were у3 versus 0 doses of OPV [5] and MOR is a matched odds ratio. Analyses were performed with Statistical Analysis Software [6] .
Unmatched analysis. Because of close matching of cases and controls by neighborhood, accessibility to immunization posts and social mobilization could not be examined as possible risk factors for poliomyelitis. However, cases and controls were combined in an unmatched analysis to describe accessibility to immunization posts and social mobilization among vaccinated children (these data were mostly unknown for unvaccinated children), reasons for missing immunizations among undervaccinated children, and how parents could be best informed about the next NIDs among all study children. When data differed by province, province-specific data were presented.
Poliovirus isolation from stool specimens. Poliovirus isolation and identification from stool specimens was performed by using standard protocols at the National Institute of Health (NIH), Islamabad, Pakistan, a World Health Organization (WHO) Regional Reference Laboratory for Poliomyelitis [7] .
Results
Of the 88 eligible cases in the 7 study districts, 66 (75%) were located and investigated. A total of 196 children were enrolled: 66 cases and 130 controls. Of the cases, most (58 [85%]) had paralysis of the lower extremities and 62 (94%) had residual paralysis 60 days after onset. Median age for cases and controls was 18 months (case age range, 4-54 months; control age range, 4-63 months). Most of the cases and controls resided in rural areas (75%); however, proportions varied by province. Of the 90 study children from Punjab, 60% were from rural neighborhoods, whereas 76% of the 49 study children from Sindh were from rural, mainly desert, regions. All 57 study children from the NWFP were from rural farmlands in the Swat valley.
Vaccination status and vaccine effectiveness. In unmatched analysis, 39% of cases and 72% of controls had received у3 OPV doses. Matched analysis indicated that poliomyelitis cases were significantly undervaccinated compared with neighbor controls (MOR, 0.3; 95% confidence interval [CI], 0.1-0.5). A trend toward an increased protective effect against poliomyelitis with increased number of total OPV doses was observed (table  1) . Analysis of source of OPV showed that cases were significantly undervaccinated through routine immunization (MOR, 0.3; 95% CI, 0.1-0.5). Children undervaccinated (1-2 doses) as well as fully vaccinated (у3 doses) by routine immunization had significantly lower risk for poliomyelitis than children with no routine OPV immunization (table 1) . Vaccination during NIDs did not differ significantly between cases and controls. Female sex, parents' literacy, and seeking health care at a public clinic were not associated with paralytic poliomyelitis.
Many study children (50% of cases and 23% of controls) had received no OPV through the routine immunization program (table 1) . Children unimmunized or partially immunized through routine immunization were less likely to receive 2 OPV doses during the 1996-1997 NIDs than fully immunized children (figure 3); among both cases and controls, only 56% of children who had received !3 routine OPV doses, versus 85% of children with у3 routine OPV doses, were reached by both rounds of OPV during the 1996-1997 NIDs (
). P ! .0001 Among study children considered fully immunized (у3 total OPV doses), cases and controls had received similar numbers of OPV doses; cases had a median of 5 total OPV doses (range, 3-10), as did controls (range, 3-9). Vaccine effectiveness for у3 versus 0 OPV doses was estimated to be 74% (95% CI, 0%-93%); however, only 11 discordant sets contributed to the analysis.
Poliomyelitis cases from the epidemic district ( ) were n = 19 significantly undervaccinated overall (MOR, 0.10; 95% CI, 0.02-0.43) and by both routine (MOR, 0.06; 95% CI, 0.01-0.47) and NID (MOR, 0.06; 95% CI, 0.01-0.50) immunization (figure 4). In districts with endemic poliomyelitis, there was less disparity between immunization coverage among cases and controls; however, cases were significantly undervaccinated overall (MOR, 0.36; 95% CI, 0.16-0.81) and through the routine immunization program (MOR, 0.39; 95% CI, 0.18-0.86), and there was no significant difference in NID coverage. Immunization coverage (routine and NID) among control children was similar for epidemic and endemic areas with 53% and 50% of controls completing the 4-dose routine immunization series, respectively, and 66% and 74% receiving 2 doses of NID immunization, respectively.
Access to vaccination posts and social mobilization. Among parents whose child (case or control) had received у1 OPV dose through routine immunization, 29% reported walking 130 min to the routine immunization post (table 2) . In Punjab, 70% of parents reported walking for !10 min, while in NWFP and Sindh, 56% and 42% reported walking 130 min, respectively. Walking distances to immunization posts were much shorter during NIDs: Parents reported that 96% of posts in all districts were within a 10-min walk.
Among parents who had their child immunized during the 1996-1997 NIDs, over 85% in NWFP and Punjab were informed through mosque announcements (table 3) . In Sindh, parents were informed of the NIDs through loudspeakers (26%), health workers (20%), community leaders (17%), and schools (14%). Of the 185 (94%) parents who reported how they could best be informed for the next NIDs, 127 (69%) were best informed through mosque announcements. However, this varied by province, since 95% of parents from NWFP reported mosque announcements as the best way to be informed, whereas parents from Sindh reported either health workers (30%) or loudspeakers (25%) as the best way to be informed.
Reasons for missing OPV immunization. Among the 114 children with !3 routine OPV doses, the most common reasons for missing routine OPV included being too busy or considering vaccination unimportant (40%), being uninformed (18%), considering the vaccination post to be too far away (18%), and fearing an adverse reaction to vaccination (13%). Among the 62 children missed by either round of the 1996-1997 NIDs, 20 were born after NIDs. Of the remaining 42, the most common reasons for not receiving OPV during the NIDs were that parents were not informed (48%), were too busy or considered vaccination unimportant (24%), or fear of adverse reaction (7%).
Discussion
Pakistan's poliomyelitis eradication activities have significantly reduced the poliomyelitis disease burden but have not had the anticipated effect through 1998 of eradicating the disease. Possible reasons for continued high poliomyelitis incidence include failure to implement immunization strategies (failure to vaccinate), vaccine failure, or inadequate immunization strategies.
This study found that failure to vaccinate, especially through routine immunization, was the major risk factor for persisting paralytic poliomyelitis in Pakistan. Most polio cases had not completed routine immunization and had not received у3 OPV doses through routine and NID vaccination combined. About 50% of cases had not received any routine immunization. Such children are at highest risk for poliomyelitis and are unlikely to be fully protected until reached by 2 consecutive pairs of NIDs. Thus, because of low routine immunization coverage, a substantial proportion of children in Pakistan remain vulnerable to paralytic polio until age у2 years, despite successful national NIDs.
Another reason for persisting polio in Pakistan is that immunization activities have not been implemented to the extent suggested by reports of routine and NID vaccine coverage. Reported vaccine coverage estimates are based on administrative data (number of doses administered and projections from a 1981 census). A 1995 survey conducted by UNICEF and the Pakistan Ministry of Health found routine OPV3 coverage to be only 41%, compared with 55% reported coverage (unpublished data, NIH, Islamabad). Another survey in 13 districts in 1998 found median routine OPV3 coverage to be 58%, compared with 71% reported coverage from those same districts, and found median coverage of December 1997 NIDs to be 87%, compared with 97% reported NID coverage (unpublished data, NIH, Islamabad). Furthermore, nonparalyzed neighborhood study children had lower routine and NID immunization coverage than reported national averages, providing further evidence that immunization activities are not uniformly implemented throughout the population.
In the absence of reliable administrative estimates of vaccine coverage, sensitive surveillance for acute flaccid paralysis and poliomyelitis is critical for detecting areas with low immunization coverage. Monitoring incidence of other vaccine-preventable diseases may also serve to identify districts with low immunization coverage. The immunization activities of these districts should be evaluated by audit or review of local immunization registers, and approaches to improve routine immunization coverage should be implemented.
Vaccine failure was initially considered a possible contributing factor for continued widespread poliovirus circulation. However, in this study у3 OPV doses reduced the risk of paralytic poliomyelitis by 74%. The design of this study allows for meaningful interpretation of vaccine effectiveness, since neighborhood control children of the same age as the cases probably had similar exposure to wild poliovirus as the cases. Although the vaccine effectiveness estimate has wide CIs, the point es- Table 3 . How parents were informed of the 1996-1997 national immunization days (NIDs). timate is similar to those from other studies among children in developing countries (approximate range, 36%-99%) [8] . The estimated protective effect of у3 doses of OPV cannot be explained by controls having more total OPV doses than cases, since fully vaccinated cases and controls had received similar total OPV doses. This finding provides evidence that full implementation of current immunization strategies could be sufficient to interrupt transmission of poliovirus in the most difficult areas in Pakistan.
Improving implementation of immunization strategies in Pakistan. A key component for successful NIDs and eventual eradication of polio in Pakistan will be to emphasize vaccinating previously unimmunized children. This study found that underimmunized children were more likely to miss NIDs than fully immunized children. Reaching underimmunized children will require districts to identify groups at risk for missing both routine and NID immunizations. High-risk groups may include children in households for which it is customary for women to be accompanied in public (i.e., mother not able to take child to immunization post), children in transit, children in remote areas, and infants !40 days old. Strategies designed to reach these groups should be specifically addressed during NID planning and should include ways to increase community involvement, especially women and female health workers.
Responses from parents as to why their child was undervaccinated provide insight as to how to improve social mobilization for both NIDs and routine immunization. Pakistan has conducted very successful social mobilization for NIDs [9] ; however, almost 50% of parents with children who missed the 1996-1997 NIDs reported they were not informed. Mosque announcements were reported as the most common source of information for the 1996-1997 NIDs. Announcements through the mosque are revered, far reaching, and inform those who cannot read. However, use of mosque announcements was not uniform, since parents from districts in Sindh province reported learning of NIDs through mobile loudspeakers and house visits by health workers or volunteers and community leaders. Written materials (e.g., newspaper advertisements, posters, and banners) were not important means of becoming informed of NIDs, consistent with the low literacy rate in largely rural study areas.
A variety of media and greater frequency of advertising may be necessary to ensure all segments of the population, including those newly immigrating, have an opportunity to be informed.
Because 40% of parents whose children missed routine OPV doses reported they were too busy or that it was not important to immunize their child, social mobilization for routine immunization coverage will not only be a matter of reaching parents but will require motivating parents to immunize their children. Social mobilization for routine immunization in Pakistan has been limited in recent years. A comprehensive plan for social mobilization should be developed and implemented continuously. Support gained from political and community leaders, volunteers, and other partnerships formed from social mobilization for NIDs should be extended to the routine immunization program.
To assure uniformly high routine immunization coverage, routine immunization should be made more widely and regularly available through fixed or mobile immunization posts throughout the country. Long distance to the immunization centers is an important cause of undervaccination, particularly in rural areas; although mobile teams are intended to reduce this barrier, teams frequently fail to reach even accessible rural villages. Expanding the system of fixed immunization centers and the number of health workers providing vaccination is now being considered by the Pakistan government. Improving routine immunization coverage will be challenging; however, efforts will have long-term benefits of improved infrastructure for immunization programs and increased immunization against other vaccine-preventable diseases. Results from this study did not show parents' literacy and type of health care as risk factors for poliomyelitis; however, since children were matched by neighborhood, the study design limited our ability to measure these factors.
Poliomyelitis eradication immunization strategies in Pakistan. Findings from this study suggest that high NID coverage may have prevented epidemics that would have occurred with low routine immunization coverage. Furthermore, NIDs play an important role in reaching children who are undervaccinated. About half the study children who were undervaccinated through the routine immunization program received 2 doses of OPV during the 1996-1997 NIDs. Although there was no overall difference in NID coverage between poliomyelitis cases and neighborhood controls, the likelihood of detecting a difference may have been limited, since children were matched by neighborhood.
High routine immunization coverage (у3 doses of OPV) and successful NIDs have been key immunization strategies for eradicating poliomyelitis in many countries [10] . In a setting with widespread poliovirus circulation, such as Pakistan, low routine immunization coverage allows large cohorts of susceptible children to accumulate and sustain virus transmission over the 10-month period between NIDs. Therefore, full implemen-tation of both routine and NID immunization is critical for achieving and maintaining the population immunity required to interrupt poliovirus transmission. As the poliomyelitis eradication target date approaches, additional supplementary vaccination activities may be necessary to interrupt poliovirus transmission in a timely manner. These activities may include adding additional NID rounds, conducting subnational immunization days in high-risk districts, and launching campaigns to increase routine OPV coverage. Pakistan may represent a country in which intensified measures should be taken because the high population density, poor sanitary conditions, and warm and humid climate are favored by poliovirus and other enteroviruses.
